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Supplementary Information Methods
S1. Production-based emissions
Emissions of species other than NH3
Production-based emissions represent pollutants physically released in each region, and they are calculated as the product of emission factors and activity rates. A country-specific Ep inventory in 2007 for SO2, NOx, CO, BC and POA is built for this study. The inventory uses a detailed technology-based methodology as in previous studies [32] [33] [34] , and it covers 65 sectors and 228 countries/regions worldwide. Global Analysis Project version 8 (GTAP8) 24 , in order to facilitate the subsequent calculation of consumption-based emissions. Emission factors and activity data are described as follows.
Activity data: We take the country-based fuel consumption data from the International Energy Agency (IEA) 35, 36 for 46 sub-sectors and 51 fuels in four major sectors (residential, industry, power, and transportation). We further aggregate these fuels into 19 types, considering that emissions related to certain fuels in the IEA database are small and their emission factors are not available 27, 32 
S2. Consumption-based emissions
Consumption-based emissions represent pollutants released along the global supply chain as a result of certain region's consumption of final products and services.
For example, a cell phone purchased in the United States may be assembled in China with iron ores mined in Australia, Steel made in Japan and high-end assembling mechanics manufactured in the United States. And consumption-based emissions attribute the pollutants consequently released in these countries to the United States.
Here we use the multi-regional input-output model (MRIO) from GTAP8 24 , based on monetary flows, to trace the economic interconnections among sectors and regions.
We then combine the MRIO analysis with the production-based emission inventory to obtain the consumption-based emissions on a country and sectoral basis. The above method has been used to calculate consumption-based emissions of CO2 and air pollutants 15,20,21,60-63 , and used to evaluate export-related environmental and health impact 13, 26 . Detailed descriptions of the MRIO approach are provided in previous studies 18,21,60 . Below is a brief introduction of this approach.
Equation 1 shows how final consumption is supplied through the supply chain across 129 countries and 57 sectors. Here is a vector for country-and sector-specific monetary outputs to supply the associated final consumption (e.g., supplied by any given country and sector to all countries and sectors), is the intermediate outputs, Prior to the conversion, we map our emissions from 57 sectors to five main sectors designated in HTAP v2.2 (power generation, industry, transportation, residential use, and agriculture).
S4. Atmospheric evolution and transport simulated by GEOS-Chem
We use the global GEOS-Chem CTM version 9-02 to simulate the atmospheric We conduct three sets of model simulations for 2007 with a spin-up period of 6 months. The first set contains a control simulation (S1) with all emissions unperturbed and a second simulation (S2) with anthropogenic emissions of NOx, SO2, NH3, CO, BC and POA removed globally. The second set of simulations (S3 to S13) tests the contributions of production-based emissions from the 11 regions, by removing anthropogenic emissions produced within their territories, one region at a time. The third set of simulations (S14 to S24) is the counterpart of the second set. It turns off global anthropogenic emissions related to consumption of each of these 11 regions. For each simulation, GEOS-Chem outputs 3-hourly 3-dimensional mass concentrations of SIOA, POA and BC for further radiative forcing calculations.
S5. Radiative forcing calculations using RRTMG
We use the RRTMG RTM for shortwave (RRTMG_SW version v3.9) 90 to calculate the all-sky top-of-the-atmosphere RF of SIOA, POA and BC, based on the atmospheric distributions of aerosols simulated by GEOS-Chem. The RF accounts for scattering and absorption of solar radiation in the atmosphere, i.e., the RF from aerosolradiation interactions. It does not account for rapid adjustments or feedbacks of clouds and the hydrological cycle. The longwave RF is negligible 73 and not calculated here.
Aerosols are assumed to mix externally to facilitate a species-specific RF calculation, and each aerosol type has a prescribed dry size distribution. Aerosol microphysical properties follow Heald et al. 73 , including dry size distributions, hygroscopic growth The second and third sets contain 33 (3 species x 11 regions per species) runs each, in which an aerosol species related to a given region's production or consumption is removed. To reduce the computational costs, the 3-hourly CTM aerosol data are averaged for each month to produce monthly mean 3-hourly datasets (i.e., the monthly mean diurnal cycle is preserved). The difference in RF between this monthly-mean based calculation and a calculation based on daily data is very small, according to our initial test. 
